This study aimed to characterize the embryotoxic, teratogenic and abortifacient effect of Poincianella pyramidalis in goats. Twenty pregnant goats with 18 days of gestation were divided into five groups of four animals each. After collection, the leaves of P. pyramidalis were dried in the shade and crushed. The daily feed provided to the goats was equivalent to 3% of their body weight, being 1% concentrated feed and 2% roughage. In Group 1 (control), the provided roughage was Cynodon dactylon (Tifton) hay; in Groups 2, 3 and 4, 10%, 20% and 80% of the C. dactylon roughage was replaced by dry and ground P. pyramidalis, respectively. In Group 5, all the roughage was replaced by green P. pyramidalis ad libitum, collected daily. Ultrasonographic examination was performed twice a week throughout the pregnancy. Goats in Groups 1, 2 and 3, delivered normal kids. Two goats in Group 4 aborted at 127 and 90 days of gestation. In group 5, three goats showed embryonic death at 25, 30 and 31 days of gestation and the other goat aborted at 39 days of pregnancy. Malformations were not observed. It is suggested that P. pyramidalis, which is very common in the semiarid region of northeastern Brazil, should be considered as an important cause of reproductive losses in this area. Due to its high palatability, it is important to avoid the ingestion of P. pyramidalis by pregnant and mating goats.
causa de perdas reprodutivas na região. Devido a sua alta palatabilidade, recomenda-se evitar a permanência de cabras prenhes em áreas onde ocorre P. pyramidalis.
INTRODUCTION
Poincianella pyramidalis (Tul.) L.P. Queiroz (syn. Caesalpinia pyramidalis Tul.) ( Fig.1) belongs to the LeguminosaeCaesalpinioidea family. It is an endemic species in the Caatinga bioma with one of the highest occurrences in the semiarid region of Northeastern Brazil, except for the states of Rio Grande do Norte and Maranhão; it has been registered also in the state of Amazonas (Lewis 1998 , Queiroz 2009 ). P. pyramidalis demonstrates multiple utilities, including timber uses for reforestation, and medical uses. It is also used as roughage for cattle, goats and sheep during the dry season (Maia 2004) . Its ethanolic extract has demonstrated analgesic (Santana et al. 2012 , Santos et al. 2013 , anti-inflammatory (Santana et al. 2012) , antibiotic (Lima et al. 2006) , antifungal (Cruz et al. 2007) , antioxidative (Silva et al. 2011 ) and gastroprotective (Ribeiro et al. 2013 ) effects in laboratory animals.
Between 2011 and 2013, during a prolonged drought in the Brazilian semiarid, several farmers registered episodes of abortion and malformation in herds of sheep and goats in areas where P. pyramidalis was the main plant. Those areas had small amounts of Mimosa tenuiflora, which causes malformations, embryonic death, and abortion (Pimentel et al. 2007 ), or Aspidosperma pyrifolium, which causes embryonic death and abortion (Medeiros et al. 2004) .
In October 2013, on a visit to a farm in Belém do São Francisco municipality, located in the semiarid region of the state of Pernambuco, Brazil, after a shortage of forage in the pastures, a flock of 350 sheep and 6 rams were transferred to an area of native vegetation (caatinga) with large amounts of P. pyramidalis. After 70 days in the pasture, the owner reported the occurrence of estrus returns and vaginal bleeding in some of the sheep. Upon a second visit, in December of the same year, only 20 sheep had lambing, and seven lambs were born malformed, with mandible hypoplasia and limb deformities.
The teratogenic effect of P. pyramidalis was recently demonstrated (Reis et al. 2016) in goats ingesting fresh plants that were recently harvested. However, in the semiarid region, the green leaves of this plant have reduced consumption due to their high tannin content, while the dry leaves are readily consumed during the dry season after falling from the trees (Araujo Filho & Carvalho, 1998) . Knowing the toxicity of the dry plant is also necessary for further research on its toxic compound. This study investigated the embryotoxic, abortifacient and teratogenic potentials of dried P. pyramidalis in goats in the semiarid Brazilian region.
MATERIALS AND METHODS
The ethics committee on animal experimentation of the Federal University of Campina Grande (UFCG) approved this experiment (protocol 69-2013) . This study was funded by the National Institute of Science and Technology (INCT), for the Control of Plant Poisonings, CNPq grant 573534/2008-0
The experiment was conducted with 20 goats at the Veterinary Hospital of the Federal University of Campina Grande. The animals underwent ultrasonographic examination for negative pregnancy diagnosis. Later, they were placed with a buck for mating. The buck was marked with red paint on the chest and the date that the goats were found marked was recorded as the first day of pregnancy. Eighteen days after, an ultrasound examination was performed to confirm pregnancy. Pregnant goats were then housed in individual pens and randomly distributed among five experimental groups of four animals each.
The daily feed provided to animals was equivalent to 3% of their body weight (BW), comprised of 1% concentrated feed (Guabi Nutrição Animal) and 2% roughage. In Group 1 (control), the roughage provided was Cynodon dactylon (Tifton) hay; in Groups 2, 3 and 4, 10%, 20% and 80% of the C. dactylon roughage was replaced by dry and ground P. pyramidalis, respectively. Group 5 also ingested concentrated food (1% BW), but the roughage consisted of leaves, flowers, fresh pods and seeds of Poincianella pyramidalis, ad libitum, collected and provided daily. The leaves of P. pyramidalis given to Groups 2, 3 and 4 were collected in the city of São José do Bonfim, state of Paraíba, Brazil. After collection, they were dried in the shade and then crushed and placed in plastic buckets. Every day the dried plant was weighed, mixed with concentrate and provided in the feeder.
In all groups, ultrasound examination was performed twice a week, and the animals were observed daily to detect fetal mortality or abortions.
Serum samples were collected from the goats that aborted for the detection of antibodies to Toxoplasma gondii. Indirect immunofluorescence tests (IFT) were performed using the 1:64 dilution as a cutoff point (Camargo 1974) , being tested in paired samples with an interval of 15 days between samplings. Inoculation of mice (Dubey 1998 ) was also performed using samples of brain and lung from the fetus and placenta from the goats. Autopsies were performed in aborted fetuses and samples of brain, placenta, lung and heart were collected, fixed in 10% buffered formalin, processed for histological examination and stained with hematoxylin-eosin (HE). 
RESULTS
In Groups 1 (control), 2 (10% of Poincianella pyramidalis in dry roughage) and 3 (20% of P. pyramidalis in dry roughage), all animals kidded normally. In group 4 (80% dry P. pyramidalis in roughage), one goat aborted one fetus (Fig.2D ) at 127 days of gestation after the ingestion of the plant for 109 days. Another goat aborted two fetuses (Fig.2C ) at 90 days of gestation after ingestion of the plant for 72 days. In group 5 (green P. pyramidalis ad libitum), three goats had embryonic mortality at 25 ( Fig.2A), 30 (Fig.2B) , and 31 days of pregnancy and one aborted on the 39th day of gestation. These animals ingested green plants, respectively, for 7, 12, 13 and 21 days. The IFT for T. gondii was negative in all samples collected from goats that aborted. Toxoplasma gondii was not isolated in any of the inoculated mice. Histopathological lesions were not observed in the aborted fetuses and placentas.
DISCUSSION
The results of this study demonstrated that Poincianella pyramidalis affects reproduction in goats, causing embryonic losses and abortions. In goats, late embryonic mortality with changes in the estrous cycle occur between the implantation phase and the end of organogenesis, on day 35 of gestation (Gardner et al. 1998) . After this day, in the fetal stage, losses were defined as an abortion. The dried plant induced abortions at late stages of pregnancy in Group 3 and the green plant induced late embryonic mortality during organogenesis and early abortion in Group 5. This difference may be due to a higher intake of the green plant (100% of the roughage ad libitum) than the dry plant (80% of roughage) or to a partial loss of toxicity during the drying process. However, it is clear that the dry plant was still toxic, and its consumption by the goats during the dry season would cause reproductive losses. In this trial, it was not possible to demonstrate that P. pyramidalis causes malformations as observed in spontaneous outbreaks associated with the ingestion of the plant (unpublished) and in the experimental poisoning (Reis et al. 2016) . Additionally, in rats, P. pyramidalis cause fetotoxicity, postimplantation losses, placental lesions, and a higher frequency of skeletal anomalies (Camara et al. 2017) . Some teratogenic plants, like Astragallus spp. and Oxytropis spp., which contain piperidine alkaloids, may cause embryo or fetal mortality by the ingestion of the toxic compound at high doses during pregnancy (Keeler 1984 , Panter et al. 1994 , Welch et al. 2011 ). In the semiarid region, Mimosa tenuiflora is largely associated with malformations (Pimentel et al. 2007 , Dantas et al. 2010 and abortion ) and causes embryonic losses in goats with the absence of malformations . Because the malformations reported in M. tenuiflora poisoning (Pimentel et al. 2007 , Dantas et al. 2010 are very similar to those caused by P. pyramidalis (Reis et al. 2016) , and both plants cause embryonic deaths and abortion, it is very probable that they contain a similar toxic compound. The teratogenic compounds in M. tenuiflora are suggested to be the tryptamine alkaloids N-methyl and N,N-dimethyltryptamine (Gardner et al. 2014) . Aspidosperma pyrifolium (pereiro) is also a very common plant in the Brazilian semiarid region, which induces embryonic losses, abortions, and perinatal mortality in goats (Medeiros et al. 2004) . Although its toxic principle is still unknown, a large number of metabolites have been isolated from P. pyramidalis, including phenylpropanoids, lupeol, β-sitosterol, bioflavonoids (agastiflavone, amentoflavone, sequoiaflavone and podocarpusflavone), chalcone, kaempferol, apigenin, lignane, stigamasterol and methyl gallate (Mendes et al. 2000 , Novais et al. 2003 , Bahia et al. 2005 . M. tenuiflora and A. pyrifolium, along with P. pyramidalis, are very common in the caatinga and should be considered in the differential diagnosis of embryonal death and abortions in small ruminants. Malformations are not reported in poisoning by A. pyrifolium (Medeiros et al. 2004) .
P. pyramidalis is palatable for ruminants and, similar to other xerophilous plants, may sprout at the start of the rainy season; with few rains occurring in these conditions, foraging is nearly the only method available. Additionally, after the end of the rainy season, it continues to have leaves for a long time, while the other plants become dry, and the animals still consume the green leaves in the tree and the dry leaves fallen from the trees. These conditions and its high palatability (Hardesty et al. 1988) , mainly of the dry leaves (Araujo Filho & Carvalho 1998) , contribute to their consumption in large amounts by cattle, sheep and goats, with the risk of poisoning in pregnant and mating ruminants.
CONCLUSIONS
It is concluded that Poincianella pyramidalis is an important cause of embryonic death and abortion in goats in the Brazilian semiarid region and that the leaves of the plant maintain their toxicity after being dried.
Therefore, introducing pregnant goats to areas where the plant is abundant is not recommended.
